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COMPOSITION OF THE ORE-BODIES. 

The ore bodies with which the nickel and copper are im- 
mediately associated consist essentially of pyrrhotite' (mostly 
FesS9), which is the predominant constituent, and chalcopyrite 
(CuFeS,.) usually in much smaller amounts. It has been con- 
clusively proved by means of the magnetic experiments carried 
on by Brown, 2 Dickson s and the writer, 4 that the nickel present 
in these ore bodies is not, as so many have supposed, an essential 
constituent of the pyrrhotite, isomorphously replacing an equiva- 
lent amount of the iron, but is mainly present as a distinct and 
magnetically separable nickel-iron-sulphide known as pentlandite 
( (Ni 4- Fe)S). 

This pentlandite is usually very finely and uniformly dis- 
tributed throughout the whole mass, although in certain mines, 
as the Creighton, Copper Cliff, Evans, and, very noticeably, the 
Worthington mine, it occurs in spots and patches, often as much 
as half an inch to an inch or even more in diameter of fairly pure 
material. The relative abundance of this nickel-iron-sulphide 
determines the richness, or otherwise, of the containing deposit. 
Pyrite also occasionally contributes to the formation of these 
deposits, and much of it is nickeliferous. Present opinion va- 
ries somewhat in regard to the form in which the nickel is pres- 
ent in this compound, Dr. Walker's o researches tending to prove 

• Published by permission of the Director of the Geological Survey of 
Canada. 

'Engineering and Mining Journal, Vol. LVI., Dec. 2, 1892, p. 566. 
' Trans. ,4ruer. Inst. Min. Eng., Vol. XXXIV,, 19o3, pp. 14-23. 
' Ann. Rep. Geol. Surv. Can., Vol. XIV., 19o4, Part H, pp. 136-I4I. 
*,4mer. Jour. Sci., Vol. XLVII., 3d series, April, 1894, pp. 312-314. 
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that this element replaces isomorphously an equivalent amount of 
iron in chemical combination, while others regard intermixed 
pentlandite as the source of the nickel. Certain other sulphides 
of nickel also contribute to the unusual richness of these deposits. 
These are relatively much less important, and many of the 
o•currences, where such minerals are present, are--so far as 
known--of no commercial importance. A varying amount of 
gangue, usually of the associated eruptive, but occasionally also of 
the older green schists, greywackes and even quartzite, is always 
present. The percentage of such intermixed rocky matter is 
sometimes unusually large, as in certain portions of the Elsie 
and Murray mines, where a large amount of material has been 
used consisting of sulphides and rock in about equal proportion; 
in other instances, as at the Creighton and Victoria mines, the 
sulphides are so pure and massive that large qua.ntities of asso- 
ciated norite have to be added to the furnace charge to act as a 
flux. Magnetite, and certain of the silicates peculiar to the 
norite, usually more or less decomposed, such as hornblende, 
actinolite, serpentine or chlorite, are almost always present. A 
comparatively small amount of quartz, calcite, dolomite and, very 
occasionally, crystals of tourmaline, molybdenite, and apatite, 
are also found. 

The pyrrhotite and chalcopyrite are not, as a rule, so inti- 
mately commingled as to form a homogeneous mass, but each 
may be described as occurring in pockets, spots, bunches or 
threads in the other. The chalcopyrite is not so closely inter- 
mixed with the pyrrhotite, but tends to isolate itself in patches or 
spots, usually inclosing, but occasionally inclosed by, the pyr- 
rhotite. It is sometimes possible to separate considerable masses 
of chalcopyrite, assaying over 3 ̧ per cent. of copper or pyr- 
rhotite, that will only show traces of that metal. In practice, 
however, careful examination and trial have proved that the 
two minerals are too intimately associated to make sorting by 
hand at all practicable. Although the chalcopyrite seldom oc- 
curs free from the pyrrhotite, large and massive deposits of the 
latter occu•r comparatively free from copper. The first ore 
shipped from the Gertrude mine was so free from copper that 
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it was proposed to utilize it for the production of ferro-nickel, 
and this deposit was purchased by the Lake Superior Power 
Company with that object in view. Analyses made of a large 
mass of the Creighton mine ore, obtained near the surface, 
showed the nickel to vary from 4.87 per cent. to 5.3 • per cent., 
with 0.72 to •.2o per cent. of copper. The prevailing intimacy 
of association, however, of the pyrrhotite and chalcopyrite will 
perhaps be better appreciated by mentioning the fact that hand- 
picked specimens from the Evans, Stobie and Copper Cliff mines, 
collected and analyzed by Mr. Browne, • showed the presence of 
from •3.86 per cent. to •5.7 • per cent. of copper, with a sufficient 
quantity of intermixed pyrrhotite and pentlandite in the same to 
assay from •.28 per cent. to 2.47 per cent. of nickel. On the 
other hand, selected nickel ore from Copper Cliff mine, with 8. •2 
per cent. nickel, contained only 0.80 per cent. of copper, while 
similarly picked ore from the Evans mine, containing 5.36 per 
cent. nickel, showed the presence of only o.49 per cent. of copper. 
In certain of the deposits, as for instance at the main shaft of the 
Victoria mines, the nickel and copper are almost identical in 
quantity, assays of a large number of samples, neglecting the in- 
soluble matter, showing the presence of 3.66 per cent. of each 
metal. At the Dominion, Murray and Elsie mines, the amount 
of nickel is usually nearly double that of the copper. Thus, Mr. 
George Attwood, M.E., 2 at one time manager of the Dominion 
Mineral Company, under date of March tSth, t89t, stated that the 
': kies" or metallic portion of the Blezard mine averaged 4 per 
cent. of nickel and 2 per cent. of copper, this result being the 
average of a large number of assays, as also of the practical 
working of the mine. About the same date, Mr. F. R. W. Daw, 
then manager at the Murray mine, stated that an average of the 
ore smelted at this mine contained t-5 per cent. of nickel and 
0.75 per cent. of copper. Other assays of an average sample 
or ore show 0. 9 per cent. of copper with t.5 per cent. nickel and 
46 per cent. of insoluble matter, or the equivalent of t.66 per cent. 
of copper and 2.76 per cent. of nickel in the pure sulphide 
material. 

• Eng. and Min. Jour., December 2, •893, Vol. LVI., p. 566. 
2 amn. Rep. Geol. Surv. Can., Vol. V., I89o-9•, Part F, p. 52. 
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The Gertrude and Creighton mines, especially the latter, are 
deposits in which the nickel is often present in the ore in the 
proportion of 3 or 4 : •. In the first years of the development 
of the mines of the Canadian Copper Company, the copper was 
greatly in excess of the nickel, and assays of specimens of raw ore 
taken xvithout selection from these mines showed a range in copper 
from 4.03 per cent. to 9.98 per cent., with an average of 6.44 
per cent., while the nickel in the same specimens varied from •.•2 
per cent. to 4.2• per cent., with an average of 2.38 per cent. This 
preponderance of the copper was maintained for some time, for 
an average of two samples of the blast furnace matte taken 22d 
February, •889, and the 2d March of the same year showed 
copper 26.9• per cent. and nickel •4.•4 per cent. About the same 
time the Dominion Mineral Company produced mattes contain- 
ing from •8 to 20 per cent. of copper and 24 to 26 per cent. of 
nickel. At the present time, however, this condition of affairs 
is reversed, and two specimens of this matte analyzed by Mr. 
Donald Locke of this Department showed •4-53 per cent. and 
•4.69 per cent. of copper, with nickel 26.34 per cent. and 28.• 7 
per cent., respectively. 

The quantity of nickel in the pyrrhotite of the Sudbury dis- 
trict varies, usually, from 2.2 5 per cent. to 5.5 ø per cent., the 
lower figure being characteristic of such deposits as the Stobie, 
Murray and Elsie mines, while the higher is approached, and at 
times exceeded, by the ore of the Creighton, Victoria, Blezard, 
Copper Cliff and Evans mines. Small specitnens are occasionally 
met with which contain as high as 3 ø per cent. nickel--as at the 
Worthington or Creighton mines--but such material is only 
obtainable. by careful hand-picking. These ores contain ap- 
preciable quantities of cobalt, gold, silver, and metals of the 
platinum group. Cobalt is almost invariably present, but most of 
the assays that have been made of the ores show it to be included 
•vith the nickel. The cobalt is usually very uniform in amount, 
in the proportion of • : 40 or 50 of the nickel present. The 
amount of the rarer elements, such as gold, silver and platinum, 
is usually so small that the proportions of these can be best de- 
termined by analyses of the Bessemer or higher grade mattes. 
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Available analyses of this product which contain about 8o 
per cent. of combined nickel and copper also show from o.•o to 
o.2o oz. of gold, with an average of perhaps o.• 5 oz. to the ton 
of 2,ooo lbs. 

The silver in the ore is still more variable. Locke found 2. 5 
oz. to the ton in the Orford Copper Company's matte and 4.87 
oz. to the ton in the matte produced by the Mond Nickel Com- 
pany. J.W. Bain's x analyses show 5.• oz. to be present in the 
Orford Copper Company's matte. L.P. Silver shows that 5.3 ̧ 
oz. are present in each ton. The platinum is directly associated 
with chalcopyrite and therefore should be found in mattes which 
are relatively richer in copper. Locke found that the Orford 
matte contains 0.44 oz. per ton of metals of the platinum group, 
while the Mond Nickel Company's matte contains o.4 oz. per 
ton of these same metals. 

MODE OF OCCURRENCE. 

Most geologists who have examined these deposits in detail 
are agreed that they are not true fissure veins, and although at 
times certain sloping surfaces are obtained which seem to have 
a uniform direction and limit the distribution of ore in their 

direction, yet it seems certain that there are no regular walls, 
in the miner's sense of the term, and at both sides of the deposits 
the inclosing rock is impregnated, more or less, with pyritous 
matter. Although mining is thus rendered somewhat difficult 
and uncertain on account of the absence of the walls, and irregu- 
larity in the distribution of the ore--so that there is very little 
opportunity of knowing in what direction to d•-ive the levelsin 
this uncertainty is usually more than compensated by Xhe extent 
and massiveness of the deposits when found. 

The ore bodies are of irregular, oval or pod-shaped outline, 
and all agree in having their longer axis correspond very closely 
with the direction of the foliation of the inclosing rocks. 

There are three main types of these ore deposits: 
•. Those which occur at the outer edge of an immense in- 

trusive sheet of hypersthene gabbro or norite. Under this di- 
• Ann. Rep. Bur. Mines, Ont., •9oo, p. 2•8. 
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vision 'are included the Gertrude, Creighton, North Star, Taln 
O'Shanter, Lady Violet, Elsie, Murray, Cameron, Little Stobie, 
Mount Nickel, Blezard, Shepherd, Kirkwood and Cryderman 
mines. 

2. Those xvhich are developed in connection with offsets or 
dike-like forms of the norite extending outward from the main 
mass, and which are intruded into the older rocks almost at right 
angles to the planes of foliation and bedding. This division 
would embrace such mines as the Victoria, Clarabelle (No. 6), 
No. 4, Lady Macdonald (No. 5) and No. 2, and the extensions 
of No. 2 mines of the Canadian Copper Company. Many of 
the "prospects" in the townships of Bowell and Fry--on what 
is usually referred to as the North Nickel Range--are also con- 
nected xvith an irregular, dike-like offset which extends from the 
main mass in a northxvesterly direction for nearly six miles. 

3- Those which are associated with smaller and at present 
completely isolated bodies of norite. These separate masses of 
the nickel-bearing eruptive are so closely identical in mineral- 
ogical composition, structure and behavior with the parent erup- 
tive that it seems reasonable to suppose that they are connected 
with it in some way at a distance below the surface. 

The original Copper Cliff, No. •, and its extensions, Evans, 
Frood (No. 3) and Stobie Mines, are all examples of this last 
mentioned class. 

The first mentioned division of deposits are all situated at the 
immediate contact between this huge mass and the older rocks 
into which it is intruded. The intrusive nature of this contact is 

almost every•vhere well shown, the impregnati'on of the older 
green schists consisting, for the most part, of small, dike-like 
forms of sulphide material injected along the planes of schis- 
tosity. On the other side, the line of separation between the 
ore-body and the norite is even more uncertain, the sulphide ma- 
terial gradually fading out until it is represented by only oc- 
casional disseminations. To the northwest, this basic rock shows 

a gradual differentiation or passage into the peculiar and char- 
acteristic type of gneissic granite usually referred to as "micro- 
pegmatite." On the Northern Nickel Range this condition of 
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affairs is reversed, and we find the deposits at the northwestern 
margin of the norite, while its differentiate--the micropegmatite 
--lies to the southeast. 

The Worthington and the Vermilion Mines are the only de- 
posits which have been worked, having no visible connection 
with this main mass of norite. The Worthington Mine occurs on 
a narrow neck of actinolite-diorite which is, without doubt, the 
altered representative of an older norite. To the southwest and 
east this riorite is directly connected with a much larger mass 
of basic eruptive material. As far as can be learned, no large 
deposit of ore Was encountered at the Vermilion Mine and the 
small amount of norite found resembles very closely the decom- 
posed variety of the older type of this rock. 

Rounded hills of gossan, indicating the presence of the more 
or less pure and unaltered ore beneath, extend with almost un- 
broken continuity for miles along the line of junction, while by 
far the larger portions of the offsets and isolated masses with 
which the ore-bodies are associated are also of a prevailing 
brownish color, due to the decomposition of abundantly dis- 
seminated sulphides. This gossan has resulted, as usual, from 
the alteration of the pyrrhotite and chalcopyrite and the forma- 
tion of hydrous oxide of iron which gives a prevailing brownish 
color to the upper portions of the deposits. The covering of 
iron oxide is sometimes as much as six feet in depth, althougl• 
usually it is only two or three feet, gradually merging into the 
unaltered ore beneath. 

The depth to which the gossan extends depends largely, of 
course, on the length of time the deposits have been uncovered, 
and thus exposed to processes of weathering. Some, from which 
the green forest and overlying soil have but lately been removed, 
show little or no iron oxide, while others, like the Murray Mine, 
which have been exposed for years to the action of the weather, 
exhibit an extensive covering of this characteristic decomposi- 
tion product. From the Elsie Mine in a northeasterly direction, 
past the Murray Mine as far as the boundary between McKim 
and Blezard townships, a considerable belt of rock occurs at the 
immediate margin of the norite, so heavily charged with sul- 
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phides, that its weathered outcrop at the surface is covered xvith 
gossan. At the old Copper Cliff Mine, as well as at the Creigh- 
ton Mine, the overlying gossan is very widespread and deeply 
impressive. 

In many cases, these ore-bodies show a brecciated character, 
large angular or partially rounded blocks of almost barren rock 
being mingled with the ore. Some of these "horses," as they 
have been called, are made up of the material derived from the 
wall rock, against which the pyritous matter cooled. Their 
presence, in this connection, is no doubt due to the shattering of 
the invaded formation at their contact with the plutonic magma. 
In fact, they form an illustration, on a small scale, of the phe- 
nomena of "overhead stoping" so fully described and explained 
by Dr. R. A. Daly. • In other instances, however, this com- 
paratively barren material is of the norite, but such inclusions are 
seldom sharply defined from the sulphides, exposures showing 
a gradual transition from one to the other, while the blocks them- 
selves are generally more or less plentifully impregnated with 
the prevailing sulphides. 

No great depth has yet been reached by the workings of any 
of the mines of the marginal type of deposits; the deepest of the 
shafts is at the Blezard Mine which has only reached a depth of 
•72 feet, while those of the Murray and Gertrude Mines are 
•6o feet and •2o feet deep respectively. On the other hand, 
the diamond drilling undertaken at the Creighton Mine is stated 
to have proved the existence of this phenomenally large body of 
nickel ore to a depth of at least 40o feet. This wonderful de- 
posit of pyrrhotite has been worked mainly as a large open pit 
measuring •5 ø by 200 feet and extending to a depth of 62 feet. 
All of these deposits on the southern border dip to the north and 
northwest at an angle varying from 3 ø0 to 7 ø0 . 

Of the mines developed along the offsets, the two most im- 
portant are the Victoria Mine and the No. 2 mine of the Can- 
adian Copper Co. at Copper Cliff. The Victoria Mine, of the 
Mond Nickel Company, with extensive levels and stopes has 
reached a depth of about 8oo feet. The No. 2 mine has afforded 

•/lmer. )'our. Sc•., Vol. XVI., •9o3, p. •o8. 
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a large amount of ore, being worked, for the most part, as a large 
open pit measuring about 250 feet in length by •oo to •5o feet in 
width and with a depth of 2• 7 feet. 

The original and famous Copper Cliff Mine has often been 
referred to as a chimney of ore, averaging in width from 5 ø to 
•oo feet in the cross section through the shaft, while at right 
angles to this direction, it varies from 3 ø to 2•o feet. The first 
or old shaft, now in large part abandoned except for pumping 
purposes, was sunk to a depth of over •oo feet in an incline of 
40 ø , while shaft No. 2, or the new shaft to take its place, starts 
from the third level at a distance of •5o feet from the surface, 
and continues at an angle of 77 ? 30' or approximately parallel 
to the ore-body to the •4th level (depth •,o58 feet). 

The ore-body of the Stobie Mine developed in connection with a 
small isolated mass of norire has an inclination of 65 ø and, 
although the workings have only reached a vertical depth of 250 
feet, it has yielded a very large amount of ore (400,000 tons). 


